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Next, a color-mixing type display unit will be discussed as a third kind of the second related art with ref- 
erence to Fig. 57. As shown, three differing primary odor pixels 1161, 1162, 1163 which are intended to be 
color-mixed are together enclosed by physical barriers 1164, 1165, 1166, and 1167. The physical barriers re- 
strict the cdor-mbdng to each mutually confined three color pixel triplet The colors are mixed through the dif- 
5 fusing plate 1168 and appear as a mixed-color pixel 1169 on its surface. 

In display application, there has been heretofore proposed a head-mounted type display (HMD) as shown 
in Fig. 58. If a display panel 1172 illuminated from a backlighting 1171 located in the helmet type frame is mag- 
nified through the effect of a lens 11 73, its image will expand to cover with a large field of view. The mounting 
of the HMD to the head requires that it be small and light To meet this requirement it is desirable that the display 
10 panel 1172 be a liquid crystal display and the backlighting unit 1171 be a luminescent lamp. 

However, with the first type of the second related art the diffusion characteristics of the diffusion plate 
are difficult to contract with precision, and it is difficult to obtain a desirable pixel image intensity distribution 
on the surface of the diffusing plate. 

Further, the second type of the second related art has the similar problem to the above when mixing colors 
is with each other. The high-frequency components of the spatial frequency are lost from the overall image and 
the image content of the display Is disadvantageous made vague. 

Moreover; the third type of the second rotated art which having the advantage of maintaining high- 
frequency components of a spatial frequency of the overall image even when the colore are mixed, requires 
technically chalenging physical barriers to guide the rays of tight This type of the related art offers no control 
20 over varying the pixel* Intensity distribution and thereby provided a limited improvement small allowance in 
designing the LCD display. This type of the related art provides no function for smoothing the borders between 
the pixels though the odor mixture is realized. Finally, fabrication of the physical barriers for guiding the rays 
\ of light Is too costly. r ' • ' v * " 

Next the des<^ 
25 three kinds of pbceis, red, green and bhje pbcels on one 

As mentk>ned abow art Rg. 62shows the delta pixel distribution. Fig. 

53 shows ^ four-pbcel distnlxjtioii, Fig. . M stxi^ the stripe pixel distnlxition. Fig. 55 shows the diagonal pixel 
distribution. Fig. 59 shows abated ^ ^ -", 

_ A ^uki ^ pbceU;on ^ can employ the delta 

so pixel distribution [ shown toFlg. 5^ thefaur-p^ in Fig. 53, the stripe pixel distribution shown 

. ^ f ^ v ^ the display from a 

dfetari^ acuity. If, however, 

thedispten/b 

\ sep arat ed fro m one another, thereby flft^tow Image quality. To cope wfth this shortcoming, a color- 
is ^iri^^ not perceived to be 

_ . visually separated. As an example of this system, as shown hi Fig/59, a diffusing plate 1082 Is provided after 
a pane! 1081 for visually making less d^ngidshable. Since a backlight 1080 emits diffuse light to 

the panel 1081 for illuminating the panel, tte r^ of light emitted from the pixels 1083 on the panel 1081 form 
Image 1084 of magnified pixels. As such, these pbcal images overlap with one another, mixing the colore on 
40 "the display. /"; C- "^." ^^.rr ^ \" 

ThethWrel€^artprovW 

the backlight unit 1080, so that the rays may spread widely. Shortening the distance from the paneL1081 to 
the diffusing plate 1082 would result In a narrower and more desirable spread of the pixel' s image 1084, how- 
ever the necessary thickness of the class superstate of the liquid crystal panel restricts to shortening of this 
45 distance to a length that results In an undesirably wide pixel Image spread Limitations on the range of speed 
of diffusion with available diffusion plates prevent the diffusion plate 1 082 from being able to compensate for 
the excess divergence of the pixel image In the third related art 

SUMMARY OF THE INVENTION 

60 

It is an object of the present invention to provide an Image (displaying device which is arranged to have a 
less costiy display unft for offering high Inwgequalfty andaWgh degree of freedom in optimizing the display, 
aruJtoprovkteasmafli^ 

ft b another object of the present invention to provide an Image displaying device which Is arranged to 
65 prevent the Image content of the display from being smeared and to have a less costly color-mixing display 
unit for offering high image quality and greater freedom in designing the c hara cteris ti cs of the display. 

In carrying out the objects, according to the first aspect of the present Invention, an Image display device 
arranged to use a display unit Includes a pixel multiplying means located on a display unit surface of the display 
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device and whereby input pixels displayed on the display unit are visually increased in number when the pixels 
are output 

According to a second aspect of the present Invention, an image display device arranged to use a liquid 
crystal display, includes: a lighting means lor emitting diffuse light for lighting a liquid crystal display; and a 
fin refracting means for refracting rays passed through the Dquid crystal display In a predetermined condition 

The fine refracting means may be formed inside of the glass plate, which is a constituent component of 
th liquid crystal display unit ^ 

The fine refracting means may be a fiber optics plate. 

The fine refracting means may comprise a micro lens array or a mixed element of a micro lens array and 
adiffuser. 

Further, it is preferable to provide a means for visually magnifying the image. 
It is further preferable to provide a pair of the Image displaying device. 

In operation, the pixel multiplying means is located on the display, unit The pixels of on the display unit 
are applied to the pixel muttipiying means by which the pbcels appear to be increased in number as they are 
output 

Moreover, the fighting means operates to emit diffuse light to the liquid crystal display unit The applied 
rays are selectively passed through the liquid crystal display unit according to the Image displayed in the liquid 
crystal display urtft The light passed through the Hqu Id crystal display unit is refracted by the fine refracting 
means in a predetermined way. 

Trie provteton of the magnify^ ^ fine 

refracting means. Further the pair of image display units permits the matching of display Images to the user* s 
left and right eyes separately. 

Since the micro lens array is used as the pixel nwtti|x^ means, control of design is enabled to provide 
optimal output In accordance with the p6cel p&ch and the pixel distribution of the liquid crystal display. 

In this designed optimal output, the gap between the pixels is effectively filed so as to allow the image to 
appear continuous. Fbr a color display, the colors are mixed go that the image quality is kept high even If the 
Image is mag 

The fine same cr smaller #teti than the pixel pitch of the liquid crystal dis- 

play; this provides a de^ of freedom 

,^<»r^ 

parallel rays; a light vaive for controlling the transmfttance of the parallel rays emitted from the lighting means- 

«ght valve 

and outputting the ftfracOTr^ art the fine refracting means. 

Acwiifing to a fourth aspect of the tov*ntk>n, a display unit indudes; a lighting means fbr emitting white 

niys emitted from the I igrdir^ rr^ ahd^rt^ vafolr controlling a trans- 

mfttance of the colored rays output from the ooiorlng means; a fine refracting mearo for freely refracting the 
colored rays whose transmttance are controlled by the light valve and outputting the refracted colored rays; 
and a mixing means for mbdng the rays colored by three primary colors output from the fine refracting means. 

Preferably, the mixing means contains a glass plate end the fine refracting means comprises a micro Fres- 
nel lens formed on a surface of the glass plate. Or the fine refracting means may comprise a binary optics 
element Further, the fine refracting means may have a positive lens power or a negative one. In addition, the 
fine refracting means may contain eccentric lenses. 

Acooxflng to a fifth aspect of the Invention, a backlighting device used as the lighting means of the display 
unit described above, includes: a white point light source for outputting white rays; means for refracting rays 
output from the point light source; an optical ffoerfor transmitting rays refracted by the refracting means; and 
a converting means for converting the rays transmitted by the optical ffcer into parallel rays. 

Preferably, the converting means may contain one or more parabolic mirrors or a Fresnel lens. 

The image display device is arranged to have the display unit, the backlighting unit, the signal generating 
unit, and the signal transmitting unit 

In the operation of the fourth to the fifth aspects of the Invention, in the monochrome display unit the light 
vaive operates to control a transmfttance of a parallel ray output from the lighting means and the fine refracting 
means > operates to the ^ the ray is output 

The mixing means operates to scatter the ray output from the fine refracting means. As compared with the 
foregoing second type of the related art arranged to locate the diffusing plate for making each pixel vague 
the monochrome display ur*provkto a Intensity dis- 

tribution of pixel Images on the scattering means. Hence, the borders between the adjacent pixels may be in- 
terpolated for smoothing the borders, making possible a higher-quality Image. 
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Turning to the odor-mixing type display unit, the coloring means operates to color the three primary colors 
of red, green and blue En a pixel distribution onto the parallel rays of light output from the lighting means. The 
light valve perates to control the transmlttanoe of the rays of three primary colors output from the coloring 
means. Then, the fine refracting means operates to refract the rays of three primary colors. Next, the mixing 
5 means perates to mix together rays efthe three primary col w 

pared with the second type of the second related art which provides a diffusing plate to blur pixels together, 
the current invention Preserves the high-frequency components of the spatial frequency making it possible 
to offer a vivid image. As compared with the third type of the second related art, the fine refracting means 
operates to control the light intensity distribution Incident upon the mixing means. With this operation, the bor- 
10 ders between the adjacent pixels after colors are mixed are allowed to be smoothly interpolated, which results 
in improving the degree of freedom in design of the display. 

In the backlighting unit, a refracting means operates to refract white light outputf rem the point light source. 
The refracted Qght is transmitted through an optical fiber. A converting means operates to convert the light 
transmitted through the optical fiber Into parallel rays. This backlight unit's power supply can be physically re- 
15 moved a great distance from the panel because of the use of optical fiber reducing the actual backlight unit 
in size and weight In the embodiment of this Invention to be described below, the relatively lai^e and heavy 
light source unit, that to, the point Qght source and the Qght source unit composed of the refracting means for 
guiding the ray to the optical fiber can be hdd to a separate housing from an HMD. In m 
the optica] fiber and the converting means 
20 the embodiment to be discussed later comprises a point light source for a whEto 

The refracting means operates to condense the rays emitted from the point light source Into an area which is 
smaller than the diameter of the optical fiber. By applying the condensed ray to the end of the optical fiber, 
the rays are Irtroduoedtntotiie optical ffcer.^ light source are transmitted via the optical fiber 

to the converting means located behind the display. The optical ffoer is composed of thin fibers and is very 
25 lightweight and smoothly bendable. As such, by bundling the optical fiber with the video signal lines connected 
to the HMD, the rays are advantageously tranamttted to the HMD device. The converting means operates to 
convert the rays transmitted through the optical fiber Into the parallel rays and feed the parallel rays to the 
display. TTie converting means te realized converting 
means is made more lightweight than a converting means composed I irff an ordinary lens. According to the back- 
so light unK of the Inve^ backlight unit for outputting the parallel rays, 
which backlighting unit is quite suitable to ttie display unit according to this aspect of the invention. 
^ ftrthw^ 

the parallel ray backlight unit may be applied as a head mounted type display which offers a high-quality image 
amlhasadvatrrt^bsize 

35 ^ 

control type Bghting means for output^ 

rays of three primary coibrs, red, green and Wi^of the rays output from the lighting means, selectively about 
pixels; a light valve for controlling the transmitter** of the rays of the three primary colors output from th 
filter at each of the plxete; and a back pro^ 

40 whose transmfttances are controlled by the Dghtvalvefrom the back and reproducing an image from the rays. 
In operation, the divergence control type lighting 
cif led degree of divergence. The color filter Is operated to selectively pass rays of the three primary colors, 
red, green and blue from the rays outputf rem the divergent control type lighting means. The light valve controls 
the transmlttance of the rays of the three primary colore about each pixel. The back projection type screen 

45 operates to receive the rays of the three primary cobra whose transmfttances are controlled by the light valve 
and reproduce an image from the rays. The color mixture and smoothing of each pixel of the image are realized 
on the back projection type screen. The size, the form and the Intensity distribution of the Image pixels have 
great freedom of design. The resulting high-quality image is realized even If the Image is magnified. Hence, 
unlike the conventional device, the color mixture and the smoothing are carried out without having to provide 

so a device for mixing colors and smoothing the image between the display panel and the screen. 

In this embodiment of the present Invention, unlike the prior art arranged to do processing after the rays 
are passed through the panel, rays of light having a proper divergence are provided to the panel by the lighting 
unit No device is provided between the panel and ft e screen. Tlie lighting Urtfcan be 0 a device for taking 
rays of white light from a fine surface light source of a constant size, form and intensity tfttribution and by the 

65 action effect of the ref racing means iconverting them to divergence oontrolled rays, (i) a device using a re- 
fracting means and a color separating light source having a plurality of light sources tor emitting light of the 
three primary colors, red, Hue and green, these sourcw being prop 

a means of ray divergence control for selectively passing rays between a diffuse backlight unit and the panel. 
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The lighting unit enables the size, the form and the Intensity distribution of each pixel* s imag on the screen 
to be fuOy controlled for all of the pixel distribution. Th relative position of each color pixel t an therisallow d 
to be controlled. H nee, the device may be designed so as to project th images of the red. the green and th 
blue to be odor-mixed onto one point of the screen. 

Further objects and advantages of the present Invention will be apparent from the following description 
of the preferred embodiments of the invention as illustrated in th accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 



Fig. 1 is a view showing an head-mounting type display to which an image display device applies according 
to a first embodiment of the present invention; 

Fig. 2 is a viewfor explaining the effect of a micro lens array Included In the image display device according 
to the first embodiment; 

Fig. 3 Is an explanatory view showing a first effect of the micro lens array; 
Fig. 4 is an explanatory view showing a second effect of the micro lens array; 
Fig. 5 tea flowchart showing a procedure for designing the micro lens array; 
Fig. 6 Is an explanatory view showing a liquid crystal display conp^ 
ner; 

Fig. 7 is a view showing a des^ 

Fig. 8 te an explanatory view showing the range In which an Interference image takes place; 
Fig. 9 is 8 flowchart showing a procedure far designing a micro lens array if the micro lens array has dif- 
ferent parameters In the horizontal and the vertical directions; 

Fig. 10 is a view showing a design for an interference image appearing on the liquid crystal display com- 
posed of pixels disposed In a sbtp^lrianner; 

Fig. 11 Is an explanatory view showing a micro lens array disposed in a delta manner; 

Flfl * 12 te an Sanatory vfewshowing a liquid crystal display composed of pixels disposed in a delta man- 

; Fig. i3 te an j^ahatory by the micro lens array disposed 

~ Jinaddtarnannei^ „. Z'.'aP.. ■ 

Fig. 14 is an explanatory view showing a design for an Interference image produced by the micro lens array 
disposed in a delta manner; 

^ present in- 

vention; . . ' " "'7 

Fig. 16 tea view showing an Ima^dis^ present Invention; 

nB. .18 fe * view showing an puter f aw>earanoe ofa f^ 

Fig. 19 is a side view showing a liquid crystal display included In the image display device. In which a fin 
refracting unit Is Installed Inside of a surface glass; 

^ 20 h * * a $!^ 8h ^^ •^"^'4 e M» ^ acoordlhg to a fifth embodiment of the present invent! n; 
^B* ? Y^j&f*^ ? ^ mi ^? d tine refracting unit and light scattering unit included in the display 
device; " 1 ' " ' ^ * 

Fig. 22 te a detailed diagram showing the display device shown in Fig. 20; 
Fig. 23 is a view showing a fighting unit Included In the display device; 
Fig. 24 is a view showing a fine refracting unit having a negative lens power; 
Fig. 25 is a view showing a fine refracting unit having a positive lens power; 

Fig. 26 Is an explanatory view showing a light Intensity krength distribution appearing on the light scat- 
tering unit; 

Fig. 27 is a diagram showing a color-mixing type display device according to a sixth embodiment of th 
present invention; 

Fig. 28 Is a diagram showing the color-mixing type display device shown in Fig. 27; 
Fig. 29 Is a view showing a combined fine refracting unit and mixing unit included in the color-mixing type 
. display device shown in Flg.28; * ~ r ' 

Fig. 30 Is a view showing the fine ref rating unft having a negative lens power, 
Fig. 31 b a view showing ft e fine ref ractlng unft haying a positive lens power; 
Fig. 32 te an explanatory view showing color mixture done in a four-pixel distribution; 
Fig. 33 te an explanatory fight intensity distribution appearing on the mbdng unit; 

Fig. 34 tea diagram ehow^ mbodiment of the present in- 
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vention; 

Fig. 35 Is a section showing a partial section of a converting unit included in the backlighting device; 
Fig. 36 is a view showing a section crossed at right angles with the partial section of th converting unit 
shown in Fig. 35; 

Fig. 37 is a view showing a partial section of another converting unit; 

Fig. 38 is a view showing a section crossed at right angles with th partial section of the converting unit 
shown in Fig. 37; 

Fig. 39 is a view showing another converting unit; 

Fig. 40 is a diagram showing an image display device according to an eighth embodiment of the present 
invention; 

Fig. 41 is an explanatory view showing divergence of a ray; 

Fig. 42 is a diagram showing a color-mbdng display device according to a ninth embodiment of the present 
invention; 

Fig. 43 Is a view showing a distribution of components of the color-mixing display device for explaining an 
intensity distribution; 

Fig. 44 is an explanatory view showing an intensity distribution of a pixel image on the screen; 

Fig. 45 is a view showing a color-mbcing display device acoortflng to a tenth embodiment of the present 

invention; 

F!g.46tsavfew8howbq8color4n^^ to an eleventh embodiment of the present 

invention; 

Fig. 47 is a view showing a color separation type light source; 

Fig. 48 is a diagram showing a a4or-ndx^ 

ent Invention; ^ - : /'^['"^'''^ ' 

Fig. 49 b a diagram showing a color-mbdng display device according to a thirteenth embodiment of th 
present invention; "'' : " r " ""7 . r " ' 

Rg. 50 tea diagram showtag an 
" Fig. 51 is a graph showing a lurnlnanc*^ by a light scattering plate 

andamtarolensarray; i ; \f i; ; T'" 1 "'/^ 
Fig. 52 b a view showing ^ ; 
Fig. 63 b a view showing foiii^rtxridi^^ 

Fig. 54 is a view showing stripe distribution of pixels; : , ^ J ; 

Fig. 55 is a view showing diagonal distribution of pixels; \ f "''"^ 

Fig. 56 is an explanatory view showing a display unit aocordlng to another related art of the present in- 
vention; ■ ^ - • _ ; 
y ^:^ present In- 

Fig. 58 b a vlewshowtng a head mounted type display (Him) according to another related art of the present 
invention; and 

Fig. 69 ban explanatory view showing a method 

present invention. * " V. V R 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Preferred embodiments of the present invention will be described hereafter with reference to the appended 
drawings. 

in Fig. 1. a head mounted type display (MAD) according to thte embodiment b arranged to have an eye- 
glasses type case 1 , a backlight unit 2, a liquid crystal display 3, a micro lens array 4, and a lens 5. As shown, 
the overall device is housed in the eyeglasses type case 1 so that ft may be fitted to the head of a user 6 wh n 
it bused. 

The part corresponding to the lens of the eyeglasses b arranged to have a backlight unit 2, a liquid crystal 
display 3, a micro lens array 4, and a lens 5 located In sequence from the outside. The user views a magnified 
Image when the devioe b fitted to hb or her head. t ; J ^.1 ^ / 

' In such an arrangement, if the lens operates to magnify the image! the pixels forming the image to be 
displayed are not vteuaOy separated on the screen. Further, far the coiordbplay, the color pixels are not visually 
separated. A high-quality Image results even though the Image has been magnified. 

Th micro tens array 4 b an optical element manufactured as a planar array of minute b nses. Th lenses 
are disposed at the same pftcti as the pixel pitch ofthedbplayorata smaller one. An Image pattern as shown 
in Fig. 2 on the liquid crystal display through the micro lens array. 

7 
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The function of the micro lens array will be discussed with reference to Fig. 2. 

In Fig. 2, a numeral 21 d n tes a liquid crystal display. A numeral 22 denotes a micro I ns array. Anum ral 
23 denotes pixels to be addressed. A numeral 24 denotes an Image formed of pixels by the micro lens array. 

The characteristic function of the micro tens array is based on the effect that reproduced image of the pixels 
appears discretely n the periphery of each pixel This function makes it posslW toelimlnat the shadow space 
between adjacent pixels and form the luminance distribution of the pixel Image like a square 1213 as shown 
in Fig. 51 The resulting image, therefore, keeps acute edges, eye strain to the user. Moreover, by properly 
designing a focal distance, a pitch, a distribution, a form of the micro lens array 4 and a distance between th 
micro lens array and the panel, it is possible to control the interval between each pixel in the reproduced image, 
the number of reproduced image pixels, and the range about each pixel where image pixels are reproduced. 

The micro lens array has the two functions indicated below. 

As a first function, an effect is provided of sporadically reproducing image pixels around each pixel for 
virtually increasing the number of pixels. As a second function, another effect is provided of defining the area 
wherein the reproduced image pixels of each pixel appear. Another advantageous feature, is that the micro 
lens array does not need precise positioning wtti regard to the pixels of the liquid crystal display. 

At first, the first effect wi D be discussed. 

Assurrw that an optical system ofthe head mounts 3. 
In F|g. 3, a numeral 31 denotes a liquid crystal display. A numeral 32 denotes a micro lens array. A numeral 
33 denotes the red plane of the IkiuM 

moral 34 denotes a magnifying lens. A numeral 35 denotes the lens of an eye. Anumeral 36 denotes a retina 
of the user. . >v x . . r .._ ft .. Jt w ... 

Herein, for making the description simpler, the arrangement is assumed as follows. 

The distance between the magnifying lens 34 and the liquid crystal panel 31 coincides with the focal dis- 
tance of the magnifying lens 34. The focal point of the eye* a lens 35 Is adjusted to allow the user to clearly 
see the liquid crystal panel The center A of the pixel is located on the optica! axis of the lens. 

Atfirst, consider raye light emttted from the center Aof the addressed pixel which then passed through 
the centers of ^ rays pass through the magnifying lens 34 by whose 

action they are converted Into rays i parallel to the optical axis of the lens 34. TTie parallel rays are focused onto 
the point B of the retina 36 thrash 

The paths of these rays are the same whether a micro lens array 32 is inserted in the arrangement or not, 
since by passing through the centers of incfividua! micro lenses they are not refracted. In either case the rays 
will focus to B of Fig. 3. '-^ 

Next, consider the ray of light traveling along another passage, the rays of light are refracted through the 
micro lens array so that the ray may travel as ffttte emitted 

crystal panel. As an example, cx>rts^J^ a non-luminous point 

C located between We p&e&.' Afterte the ray Is passed through 

a real Image point corresponding to the point A and then reaches the magnifying lens 34 In which the ray is 
converted Into a ray parallel to all other rays that appear to generate from virtual source point C. 

Since these rays travel as If they are emitted from the point C, the angle of the parallel rays is no longer 
parallel to the optical axis but has an hdfafibri (angle p) being parallel to an auxiliary line 38 connecting the 
point C with the center of the magnifying lens 34. 

These rays interfere with each other according to the Fraunhofer grating condition, if a light path difference 
between the rays is close to a integer multiple of the tight* 8 wavelength, those rays are intensified by each 
other. In the other case, those rays are canceled by each other. 

Assuming that the light path difference coincides with the light wavelength, the rays of light are refracted 
by the lens 35 and then are focused onto the point D at which those rays are intensified by each other. The 
resulting rays form an interference figure. As a result, the point A appears reproduced on the point C located 
In the opaque boundary between pixels. That is, the point C appears as a virtual image on the panel. 

In this case, the light path difference coincides with the wavelength. However, since the interference con- 
dition only requires the light path difference to be an integer multiple of the wavelength, a multitude of th in- 
terference figures, that is, the virtual image points of A are periodically produced at the same intervals as the 
intervale between the points A and C. 

Next, the expression for obtaining th^intervarc figure wffl be derived as follows. 

Atfirst, the interference condition Indicates thai the light path difference coincides with the wavelength of 
the ray. Hence, the following expression 1 is established. ;,*/?. 

, ,>P = w (1) , 
wherein a denotes the distance on the magrifying lens 34 between to^ 

lenses, p denotes the angle of th ray to be formed wtth res pe^ notes a wavelength 
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% of th ray. 

Further, with respect to the angle p, the following expression 2 will be established. 

p = c/b (2) 

wherein b denotes the distance between the liquid crystal display and th magnifying lens, and c d notes the 
5 distance between the point A and the point C corresponding to the first Interference figure. 
Next, by the relationship of similar triangles it is possible to establish the expression 3. 

b/a = eld (3) 

wherein d denotes the pitch of the micro lenses and e denotes the distance between the liquid crystal 
display and the micro lens array. 
10 By substituting the expressions 2 and 3 for the expression 1, it is possible to derive an expression 4 for 
obtaining the interval c of the interference figure. 

c = we/d (4) 

Next, consider the second effect of the micro lens amy, In which the Interference figure caused by th 
micro lens array is restricted to a constant range. 
15 For describing ft more clearly, the part dose to the liquid crystal display shown in Fig. 3 is magnified as 
shown in Fig. 4. 

Uke the first effect considered above, rays of light emitted from the point Aof a pixel are refracted through 
the micro lens anqy and form a real image ofthepohtAsuch as the one shown as point B. 

Since the rays of light travel as if emitted from within the range h, the interference figure is restricted to 
so the range of It This range Is the sameabcKrtany ofW of thepaneT spbcels. ^ 

Next, the range h to which the Interferons figure Is restricted wtfl be derived as follows. 
At first, the distance between the lens and the point B Is obtained by the expression 5 based on the Imaging 
formula. ; ' , ** 

g =^-0 (^J^ 4 ^ 
25 wherein e denotes the distance between the nquH crystal display and f 
the micro lens, and g denotes a distance between the >mtero lens ar^ and the point B. 
Next from the 

; *" ■*;'* : " ^'V^:!^ 
' wherein s denotes a size of the mkro lens, and h denotes the range In which the interference figures of the 
so pointAappear. 

By substituting the expression 5 for the expression 6, it is possible to obtain the following expression 7. 

. h = s^M'^fSf^'- J ^ 

In practk», when design^ a micro lens air^ 
designed axxMding to the ^ . 
as ^ : '*At ^^transforming the exj^tanie^ wlil be derived. 

f » (s-eyti (9) 

In turn, the procedure for designing the micro lens wffi be discussed along the flowchart shown in Fig. 5. 
At step 851, an operation is performed to determbie the interval c of the necessary interference figure, 

40 the range h in which the interference figures can arise, and the distance e between the liquid crystal display 
and the micro lens array. Then, the operation goes to a step 852 at which the pitch id of the micro lens is derived 
from the expression 8. Next, the operation goes to a step 853 at which the size s of the lens is determined 
from the pitch d of the micro lens and then goes to a step 854. At this step, the focal distance f of the micro 
lens is obtained from the expression 9. 

45 As an example, the liquid crystal display 61 as shown in Fig. 6 is designed. In the display, the pixels are 
disposed to keep a 50-micron pitch. To form Just one interference figure 72 at the middle between the pixels 
as shown in Fig. 7 with the condition that the distance between the micro lens and the liquid crystal display Is 
1 mm, it is necessary to set the interval between the Interference figures as 25 microns and the range of the 
interference figure as 75 microns. 

so With a value of 550 nm as the wavelength of the light, the following designing values are allowed to be 
obtained from the expressions 8 and 9. The value of 550 nm is used as a central value of the visual spectrum. 



65 



Lens Pitch of the Micro Lens Array - ^ r 




22 microns 


Focal Distance of th Micro Lens ■ •* 




203 microns 



Next the foregoing designing method will be expanded to the case of a display where th parameters are 
different In the horizontal and the vertical directions. * 
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In this case, th pitch of the micro lens array and the focal distance of the micro lens win also differ in the 
horizontal and the vertical directions. Being able to s parately adjust the interval and the range of the int r- 
ference figures for each co-ordinate axis, greater freedom of design is facilitated for the Image 

The expressions (8) and (9) are established in the horizontal and the vertical directions if the micro lenses 
are disposed in a striped manner as shown In Fig. 6. Hence, the same designing procedure as described above 
holds true to both of the horizontal and the vertical directions. 

The form of the range in which the interference figure takes place changes according to the form of ach 
lens. For example, if the micro lens is formed like a hexagon, the interference figure arise in an hexagon area 

Fig. 8 shows the relationship between the form of the micro lens and the range in which the interference 
figure takes place. The rayfan of light emitted from the point A inside of a pixel contained in the liquid crystal 
display 81 is refracted by the micro lens 83 so that the rayfan forms a real image of the point Aon the point B 
At this time, since the rays of light seem to have originated from within the range h. the interference figures 

*If,^ ,k ^??* e range * h ' This 181,96 hdd8 10,6 "V *• mlcro lenses. The form of the range In 
which the Interference figure takes fxacebdetanr*edbythe form oftnemtao lens 83. Baaed on 
by changing the form of the micro lens 83. it is possible to freely control the shape of the area In which the 
interference figures arise. 

the vertical directions. As an example, a design b executed as shown to Fig. 10. 
^ •i"-?* ^^^enisW Panel Modes cwr^ntr^ disposed In a striped manner. The pixel pitch 
^ tt*e»t»o*tao«»tel <fliroction «mk1 00 anicarons In ttw '%ror«ical xliractioc*. I=urtt*er. ttto «otaf rtumber <»r 

^taWjBrencengurea ar^ 

direction and 30 microns in the vertical dlectlcm. Hem* tte 

tangle, the horizontal side of which Is 60 microns and the vertical side of which Is 90 microns. In addition, the 
interval between the micro tens array and the liquid crystal display Is set as 1 mm. 

The flowchart of Fig, 9 Indicates a procedure for designing the micro lens if the parameters differ in the 
nortontaJ and the vertical directions. At step 891, the operation is executed to determine the distribution f 
*• ■S^^ff^ ^"nterval cxaiid^tfihe^ direo- 
uon. the shape of the area In which the Interference figure takes place, the ranges hx and hy in which an in- 
te^re^ptftom takes place In the horizontal or the vertical direction, and the distance e between the liquid 
crystal display and the micro iens. Then, the operation goes to step 892. At this step, an operation is executed 

to < t a !^^ e ! eiw .!**• dx , and ta ^horizontal and vertical directions by using the expression 8. Then, the 
operation goes on to 6tep-S93.^ v „ * .>.- ,. 

* i^^^J^^ l^ rfistrtbi^n.c^^^iTUOT lenses auuf the form of eacti micro fens.are determined depending 
on the distrfculfon of WerfeienM 

Atthla stop, the focal distance fx orfy of each micro lens in the vertical or the horizontal direction Is de- 
termined on the expression 9. Thereby, the operation is concluded. 

Wowing the flowchart shown in Fig. 9. the betow design values are calculated. 
OistrlbuaMofMipro.Lenses Stripe Distribution "1 

Horizontal Lens Ptah 27Micron8 

Horizontal Focal Distance 560 Microns 

Vertical Lens Pitch 18 Microns 

Vertical Focal Distance 200 Microns 

^!SfiST 1 ^ n ^^* m 132 h 8 delta dfeWbutten <*" *» generated as shown in Fig. 13 by using 
T^^ 9 ^ m,Cr0 lWS 111 888n0wn «.'Tl*'li effective In liquid crystal display 
12 I having pixel dlsWbuUon as shown in Fig. 12. As shown in Fig. 11, the horizontal micro lens pitch Is defined 
tl?. J^!!^ "^<«> pitch is defined as dy. As shown in Fig. 13. the horizontal and vertical interval 
between the interference figures Is defined as cx and cy. Using these definitions, expressions 8 and 9 can be 
applied. 

Hence, following the procedure shown In Fig. 9, the micro lens array can be designed. As an exampi .a 
<^l!^M^hF^1i;,Hr. J Vo- Maris******* 

^ClSSm^Ll 4, ^^. e ![ y8 ^ bp,ay 1 ' 1 com P rtees ***** deposed like a delta. The horizontal 
vertical pixel pfch are 30 arri 40 microns, respectively. The total number of the interference figures be- 

to the iKXIzonW direction or 20 microns In the vertical direction. The area in which the interference figures 
take place Is formed like a hexagon, the horizontal aide of which Is 45 microns and the vertical side of which 
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is 60 microns. The interval between th liquid crystal display and the micro lens array is set as 1 mm. 

If the micro lens array is designed according to the flowchart of Rg. 9 with the aforementioned parameters, 
the following design values area btalned. 



Distribution of Micro Lenses 


Delta Distribution 


Form of Micro Lens 


Hexagon 


Horizontal Lens Pitch 


73 microns 


Horizontal Focal Distance 


1089 microns 


Vertical Lens Pitch 


28 microns 


Vertical Focal Distance 


467 microns 



When this micro Ions array is applied to aoolordisplay untt, the reproduced Image of each pixel overlaps 
with the reproduced Image of an adjacent pixel. Hence, the colors of both pixels are mixed. When a user views 
this display* 8 magnified image, the problem of the separation and conspicuousness of color dots Is sup- 
pressed. . 

How much the colors are mixed can be controlled by oontrotltng the range of the Interference pattern. 

As described above, the Jlght filed can be precisely controlled. Hence, in contrast to the system using a 
light scattering plate, ft is possible to remove the non-luminous shadow area between pixels, while preserving 
the image clarity. In the case of color display unit, the color mixture Is realized. Hence, a high-quality image 
can be obtained even if the fmagebiragnlfted. , , 

Further, in the design conditions, the distance between the micro lens array and the liquid crystal display 
may be made smaller than the thickness of glass formed on the surface of the display. In this case, the glass 
on the surface of the display uses a pair of sandwiched glass plates 191 and 193 (see Fig. 19). A micro lens 
array 192 Is sandwiched between the glass plates 191 and 193. The sandwich is placed on the liquid crystal 
194 formed on a substrate glass 195. v , ^ j;: />*?^ - ---..viVf 
- .Figure A mixing element can be produced by mixing the micro lens array wfth a diffuse? to form a single 
optical element. In i certain applications the mbced optlc^ element win give the most desirable smoothing and 

mixing resdts. 1? ^ :£V ^vh^rj r e»ip(w-*t^r>fertr^c<4i'fB t wp/:^ia ; iff , -;iftp 

Rg. 15 shows an Image disptay 

AsshowninFlg.15 f thelma^displ^ 
Js arranged , to have a bacMtght una 151 serve ^ ,k l uW crystal display 

152doselykx*ted tofo^ fbnite|*aytnganylmag^ 153 closely 

located In front of the liquid crystal display 152 for wavegukfing the fight from the liquid crystal display 152 
according to a predetermined condition. The ffoer optics plate 153 comprises a set of optical fibers 156 ranged 
In parallel Each optical fiber b made by covering core glass having a high index of refraction with clad glass 
havlngalow index of refra^ 

fibers are bundled so that no gap b formed among the optical f foers. Each optical fiber 156 operates to inter- 
nally reflect rays of light on the border between the core glass and the dad glass, since reflection occurs re- 
peatedly along the border, the light b disadvantageous^ scattered while being transmitted. 

To overcome thb disadvantage, each pixel of the liquid crystal dbplay 152 b located so as to coincide with 
the pitch of each fiber of the fiber optics plate 153 as shown In Fig. 15. The light from a pixel 154 b transmitted 
through one fiber 1 56 and then goes out of the output end 155 being opposite to the entrance of the fiber 1 56 
to its output end 1 55. Since the light b scattered in transmission, the entire output end 1 55 of the fiber appears 
luminous. 

Each pixel 154 b expanded fully to the size of the output end 155 of the optical fiber, and the shadow area 
. between pixels b eliminated 

Next, Fig. 16 shows an Image displaying device acoonfing to a third embodiment of the present invention. 

Thb embodiment b arranged so that a fiber optics plate 162 b used as a waveguiding means and b applied 
jto a color liquid crystal display unit ^ ^.^wvy* «; s; :GV-rM ys-ty.* :r r -r..^ 

Herein, the color <flsplay 161 comprises pbcete distributed In a RGB delta pattern. Each fiber of the plate 
1 62 b arranged to have a ROB combination of pbcete 163, 164 and 165. As mentioned above, the optical fiber 
perates to scatter the Dght being transmitted. Hence, It appears that each of the pbcete 163, 164 and 165 b 
fully expanded at the output end, and that the ROB colon are mbced at the output nd 166. 

As such, the color mixed output pbcete are not overlapped wtth their neighbor pbcete. Th RGB pixels are 
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expanded fully at the output end of the optical fiber, eliminating the space between adjacent pixels and mixing 
the colors of each RGB triplet 

Next, Fig. 17 shows an image display device according to a fourth embodiment of the present inventi n 
which Is arranged to use a fiber optics plate 174 as waveguiding means in lieu of the micro lens array 4 in the 
head mounted display as shown in Fig. 1. 

The head mounted display (HMD) is arranged to have an eyeglasses type case 171 , a backlight unit 172 
a liquid crystal display 173, a fiber optics plate 174, and a lens 175. 

The overall device is held in the eyeglasses type case 171. The device is fitted to the user' s head when 
it is used. 

The part corresponding to the lens of the eyeglasses is arranged to have a backlight unit 172, a liquid crys- 
tal display 173, a fiber optics plate 174, and a lens 175 located in sequence from the outside. 

In such an arrangement, even though the image Is magnified by the lens, the Image pixels are not visually 
distinct When the arrangement Is applied to a color display, the problem of resolving individual color dots does 
not occur. Hence, the user views a high-quality large image. 

Further, If the fiber optica plate 181 Is formed substantially like a rectangular pyramid as shown in Fig. 18 
the fiber optics plate 181 may, also, provide a function of magnifying the image. 

If the fiber optics plates 1 74 and 181 provide some magnification in the head mounted display (HMD), th 
burden of the lens Is reduced so that the aberrations to the Image caused by the len^ 

In turn, the description win be ortented to an Image display dev^ 
present invention wtth reference to the drawings. 

The Image display device according to the fifth embodiment of the Invention will be discussed with refer- 
ence to Figs. 20 to 25. Fig. 20 shows an arrangement of the display device according to this embodiment of 
the invention. Fig. 21 shows a combined fine refracting unit and light scattering unit Fig. 22 shows the arrange- 
ment of the display device of Fig. 20 in more detail. Fig. 23 shows a fighting unit F|g. 24 shows a fine refracting 
means provided with negative lens power. Fig. 25 shows mfoute refracting means provided with positive I ns 
power:- ■■ • ■ . 

As shown in F&2$ parallel ray of light 206 emitted by a^ghtlng Tun* 201 1 are passed through a light van/ 
203. The light valve 203 operates to control a trans mfttance of each pi**: If this light is projected onto a light 
diffusing plate, an image can be observed. If, however, this Image is magnified when a user sees ft, the pixels 
are visually distinct on ^ less distinguishable, 

as mentioned above regarding the related art the diffusing level of the light diffusing plate can be made strain 
ger. This, however, makes the image vague, lowering th* quality of the in^ this shortcoming, 

the Image display device according to this embodiment ts arranged to rontroi the light from the light valve 203 
through flie effect of the fine refracting unft 204. That is, the fine refracting unit 204. as shown in Fig. 20. op- 
• eratea to project the light from each pixel onto the light diffusing unit ^07 In such a Way as to fill In the border 
' >|)0rtl6n tetweert diffusing unit 207 titt^-^^dfrusl^'ihe ray objected from th 

r *lne mhMlingiii*204;^ ^ ;;b v w?:: ■ • v,*.- • 

In contrast to the foregoing second related art, the Image displaying device arranged as above makes it 
possible to maintain high Imagequaltty even when the Image is magnified. Further, because the characteristics 
of the fine refracting unit 204 can be designed, the Image dfeplay device according to this, fifth embodiment 
enables control of a projected pbceT a light intensity distribution on the light diffusing unit 205. The bonders of 
' pixels may be smoothly connected wtth each other. 10 " • - 

Fig. 21 shows a combined fine refracting unit 208 and light scattering unit 209. A micro Fresnel lens array 
is formed on one surface of the glass plate to affect the fine refracting unit 208. On the rear surface of the 
glass plate, the light scattering unit Is formed by means of an opal finish or a grinding treatment The above 
arrangement makes it possible to Integrate the fine refracting unit 208 with the light scattering unit 209, which 
results* reducing the Image display device of this embodiment in size and weight 

In Fig. 22, the same components as those shown In Fig. 20 have the same reference numbers. Alighting 
unit 201 for emitting a white parallel ray of light comprises a lamp 211 serving as a white point light source and 
a lens 212 for converting the light from the lamp 211 Into parallel rays. The arrangement of the lighting unit 
201 is not limited to that of this embodiment Alternately. R may be composed of a lamp 241 serving as a point 
light some and a parabolic mirror 240 as shown in Fig. 23, Further, If the lighting unit 201 is applied to a head 
mounted display (HMD), it is preferable to use a benighting device to lie discussed below as another ro- 
bodlment >y * ^ ■ *• :•• . -wr.^-f-: 

ThewWte parallel rays of light 206 lighting unit 2<h enter the light valve 203 which controls 

the transmlttence of each pbceL The light valve 203 comprises a liquid crystal panel 
■ ^eno*oW 

the direction of the rays. The fine refracting tint 204 comprises either a micro Fresnel lens array of either pos- 
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itive or negative lens power, or a binary optics element As shown in Fig. 22, the fine refracting unit 204 is 
designed s that the rays of light of each pixel may be applied to the light scattering unit 207 so as to compen- 
sate for the opaque region between pixels. 

Next, the optical effect of the fine refracting unit 204 will be discussed in detail If the fine refracting unit 
provides a negativ lens power, as shown in Fig. 24, the ray of light pass through the pixels composing th 
liquid crystal panel are diverged, and then scattered by the light scattering unit 207. In this arrangement, for 
diverging the ray of light, the lenses 250, 251 and 252 are provided with negative lens power. The lenses 250 
and 252 are eccentric lenses, ami can be used to provide assymetric divergence. If the fine refracting unit has 
a positive lens power, as shown in Fig. 25, the ray of light passed through the pixels of the liquid crystal panel 
is converged through a focal point for expansion, and then scattered by the light scattering unit 207. in this 
arrangement, for spreading the light, the lenses 260, 261 and 262 are provided with positive lens power. The 
lenses 260 and 262 are eccentric lenses. 

Fig. 26 shows a light intensity distr&ution on the light scattering unit In Fig. 26, numerals on contours in- 
dicate relative values of the Bght intensity distribution. The light Intensity distribution on the tight scattering 
unit for the light projected from the center pixel is linearly diminished from the central pixel towards the per- 
ipheral pixels. Such a I ight intensity distribution makes ft possible to smoothly interpolate for the border between 
pixel. If the Image is magnified as in an HMD, the image display device according to this embodiment enables 
the output of a high-quality Image fom^ to remedy the shadow portkw between pixe^ 

Tliedescriptkm wni now be oriented to a cdtf display device according to a sixth env 

bodimentof the present invention with reference to Figs. 27 to 31. Fig. 27 tea diagram showing a color-mixing 
type image display device according to this embodiment Fig. 28 is a diagram showing the arrangement of th 
Image display device In detail Fig. 29 is a view showing a fine refracting unit and a mixing unit Fig. 30 is a 
view showing a fine refracting unit having a negative lens power. Fig. 31 is a view showing a fine refracting 
unit having a positive lens power. In Figs. 27 to 31, the same components as those shown Ih Figs. 20 to 26 
have the same reference numbers. 

In Fig. 27, the white parallel rays 206 emitted from the lighting unit 201 are passed through a coloring unit 
202 for filtering to any one ofthe three primal colors of red, green and Wue.then, the light Is passed through 
the light valve 203 for controlling the transmttance of each pixel If the light U then projected onto a light dif- 
fusing plate, a color image Is formed, but if this image fe magnified fcr viewing,^ 
ualfy conspicuous, thereby greatly lowering the Image quality. As manned above concerning the third related 
art it is possible to increase the diffusing level of the light diffusing plate to make each pixel less conspicuous. 
In this technlque.ixwe^ quality of the resulting 

image Is thus lowered. In this embodiment the light output from the light valve 203 is refracted In a pixel-by- 
pixel manner by means of the fine refracting unit 204. The fine rrfrMting unft 204 projects the ray of light from 
the three colored pixels of a color-mix triplet onto the same i area onto The mbdng unit 205 

scatters the light of the three color pixel triplet after the colored tight has been mixed. 

In this embodiment the WgtH>ass components of the sp 
mbdng the colors. The deterioration of the image quality does not occur even when the image is magnified. 
The foregoing third related art controls the path of light through the effect of physical barriers. As such, the 
light intensity distribution on the light diffusing plate is not precisely controllable. According to this embodiment 
by changing the characteristic of the fine refracting unit 204, it is possible to precisely control the light intensity 
distribution on the mbdng unit 205. The borders between the pixels are smoothly connected with each ther 
by means of this color mbdng operation. 

Fig. 29 shows the fine refracting unit 230 and the mbdng unit 231. The fine refracting unit 230 Is Imple- 
mented by forming a micro Fresnel tens array on the surface of a glass plate. The mixing unit 231 is formed 
on the rear surface of the glass plate by means of an opal finish or an abrading treatment In the foregoing 
arrangement the fine refracting unit 230 is allowed to be integrated with the mbdng unit 231. Hence, the image 
display device produced according this embodiment may be reduced in size and weight 

in Fig. 28, the same components as those shown in Fig. 27 have the same reference numbers, in Fig. 28, 
a lighting unit 201 for emitting white parallel rays comprises a lamp 211 serving as a white point light source, 
and a lens 212 for converting the rays from the lamp 211 into the parallel rays. The arrangement of the lighting 
unit 201 is not limited to this embodiment Like the fifth embodiment, the lighting unit 201 may be composed 
1 of the lamp 241 serving as a point light source and the parabolic ntfrror 240 as shown In Fig. 23. Further, if it 
is applied to a head mounted display (HMD), as mentioned below, ft is preferable to use as the lighting unit 
the backlighting device according to an embodiment to be discussed below. 

Th white parallel rays emitted from the fighting un* 201 are to the Coring unit 202. The colc^g unrt 
202 comprises a blue color filter 213, a green color filter 214, and a red color filter 215. For each pixel, one 
color (red, green or blue) filter corresponds. The coloring units 202 for the pixels are disposed in a delta dis- 
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tributi n (see Fig. 52), a four-pixel distribution (see Fig. 53), a stripe distribution (see Fig. 54), or a diagonal 
distribution (see Fig. 55). If Fig. 28 is taken to represent a delta distribution of the pixels in which th horizontal 
combinati n of red, green and blue is selected as a color-mixing combination, th video signal to be fed to the 
pixels belonging to the same color-mbdng combination is required to be data sampled at the same coordinates 
in the original imag . 

The rays passed through the coloring unit 202 are put into the light valve 203 for controlling the transmrt- 
tance of each pixel. The light valve 203 comprises a liquid crystal panel, which provides many pixels in corre- 
spondence to the red, green and Hue color filters. The rays passed through the light valve 203 enter into th 
fine refracting unit 204 when controls the direction of the light from each pixel. The fine refracting unit 204 
comprises either micro Fresnel lenses 219, 220 and 221 having postive or negative lens power, or a binary 
optics element As shown In Fig. 28, the fine refracting unit 204 is designed to apply the rays from the red, 
blue and green pixels belonging to the same color-mbdng combination onto the same area on the mixinq unit 
205. 9 

In turn, the optical effect of the fine refracting unit 204 will be discussed below. If the fine refracting unit 
provides negative lens power, as shown In Fig. 30, the rays passed through the pixels of the liquid crystal panel 
are diverged so as to be spread across the area for tr^ aDior^ngcxxnbinatkin on the mixing unit 253 and 
then are scattered. In this case, for diverging the rays, the lenses 250,251 and 252 each having negative » ns 
power are used. Tlie lenses 250 and 
as 8TK)wn in Fig. 31, the rays passed trowgn 

focal point so as to be spread Into the area of the color-mix combining on the mbdng unit 263 and are then 
scattered. In this case, for corwerging the rays, the tenses 260, 261 and 262 each have positive lens power. 
The rays, the lenses 260 and 262 are eccentric The tenses 250, 251, 252 aixl the tenser 
in Figs. 30 and 31 refract the rays more strongly than the lenses 250. 251, 252 and the lenses 260, 261 262 
shown in Figs. 24 and 25 used for the description of the fifth embodiment 

The system of mixing colors is not limited to the foregoing embodiment The description will new be oriented 
to the color mixture done in the four-pixel distribution. Fig. 32 fe an explanatoiy^ 
: d^ 

on the mixing unit V '.„'.. V ' J ~V 

Fig. 32 shows the light intend (ft^ution on the mbdng unit About a central red pixel 278, the rays 
. passed through the pixel are spread by the fine refracting unit A certain peak intensity Is realized Inside of 
the near border 270. The intensity is progressively diminished from the jnside to the outside in the section be- 

shown in Rg. 33, 

the figures on the light-intensity contours indicate the relative values of the intensity distribution on the mbdng 
unftforthe rays from the central red pixet The light from adjacent red pixels 270 to277 and 281 to 288 is spread 

unit so 

®® ^ !®®P;th® wnilar distribute around each of those pixels. By overlapping these distributions, the resulting 
red Image Is allowed to be formed as a smooth interpolation of all the red intensities, even In areas having 
blue or green pixels, but no red plxet The other color pixels are similarly processed to mix the colors with no 
gap in the overafl image and srrwothry connect the borders between the pixels with each other. In this case, 
whether or combination, Ihe video signal to be fed to the pixel Is required 

to be the data sampled In the original Image at the point corresponding to the screen position of the pixel. 

The mbdng unit 205 (Fig. 28) is formed by coating an opal layer onto a glass surface or by abrading the 
glass surface. If either of the two forming processes is used, the mbdrg unit 205 has the effect of scattering 
the Incident rays. Hence, the mixing unit 205 operates to mix the rays each having any one of the three primary 
colors, received from the fine mixing unit 204 and then emit the mixed rays from its opposite face. 

Continuing, the description will be oriented to the backlight device according to a seventh embodiment of 
the present Invention with reference to Rgs. 34 to 39. Rg. 34 is a view showing a backlighting device according 
to this embodiment of the Invention. Rg. 35 is a section showing a partial section of a converting unit Fig. 36 
is a section showing a section crossed at right angles with the partial section of the converting unit shown in 
Rg. 35. Rg. 37 Is a section showing a partial section of another converting unit Fig. 38 is a section showing 
a section crossed at right angles wfth the partial section of the converting unit shown in Rg. 37 Fig 39 is a 
view showing another converting unt 

J 11 rt; ^*^M«9M^i«* 301 oompitees a white point light source 302 and a refracting unit 303. The 
white point source 302 can be, amongst others, a metal halide lamp ore xenon lamp. The refracting unit 303 
operates to focus the rays output from the point light source 3W Into an ^ 

of the optical fiber 304 and Induce the rays into the end of the optical fiber 304. The optical fiber 304 is used 
fbrtrmsmi^ 

The optical fiber 304 comprises fbe fttws so that the optical fiber 304 may be lightly and flexibly bent As 
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such, the optical fiber 304 is allowed to be bundled with some cables like the video signal cab! connected to 
the head mounted display (HMD) in order that the optical fiber 304 may be easily fitted to the HMD. The con- 
verting unit 305 has th function of converting the light transmitted through th optical fiber 304 into parallel 
rays. The parallel rays are fed to the display panel 306. The display panel comprises a display device such as 
the light valve. 

Figs. 35 and 36 show the converting unit As shown, the converting unit comprises a parabolic mirror 310. 
By fixing the end of the optical fiber 311 to the focal point of the parabolic mirror 31 0, the rays output from the 
optical fiber 111 are converted into parallel rays. The parabolic mirror 310 can produce a smaller and lighter 
converting unit than can a standard lens. The parallel rays are projected on the display panel 312. 

Another converting unit incorporating parabolic minors Is shown in Figs. 37 and 38. By dividing the para- 
bolic mirror into plural parabolic mirrors 320, distance from the display panel 322 to the furthermost point of 
the parabolic mirror is made shorter than that of the converting unit using a single parabolic mirror as shown 
in Figs. 35 and 36. This makes it poss&le to produce a very th to converting unit (A dotted line 323 in Figs. 37 
and 38 indicates a contour of the converting unit arranged to use the parabolic mirror as shown in Figs. 35 and 
36.) 

In Figs. 37 and 38, the optical fiber 321 is divided into two before I reaches the converting unit An end 
of the divided optical fiber Is secured to the focal point of each of the parabolic mirrors. Uke the converting 
unit shown in Figs. 35 and 36, therefore, the parallel rays are produced end fed to the display panel 322. The 
arrangement of convert in g unft is not limited to the above. As shown In Fig. 39, the converting unit may be 
realized by a Fre^nellens 331. The Fresnel lens 331 is planarand so can be integrated into the display panel, 
which contributes to the thinning of the converting unit the end of the optical fiber 330 Is fixed at the focal 
point of the Fresnel lens, so that the ray output from the optical fiber 330 is converted Into the parallel rays, 
which are fed to the display panel 332.- 

Next, the description will be oriented to an Image display device according to an eighth embodiment of 
the present invention with reference to Rg. 40. FIq. 40 is a view showing an image display device as applied 
to the head mounted display (HMD), the image display device having the display device and the backlighting 
device of the Invention, arranged in combination with a signal generator and a signal transmitting unit As shown 
In Fig. 40, the image display device' according *? *h® P*Bsent invention Is arranged to have a system box 344 
composed of a light source unit 346 and a signal generator 345, an optical ftoer 342 connecting the system 
box 344 with the HMD 341, and i a signal transnt^ ttte HMD 341 comprises the display 

device erf the invention. The ligttsourpe Invention as described 

above. * ' * . ^ •* it-*;-- ,r - 

This image display device Is arranged so that the HMD 341 may be separated from the light source unit 
346 and the signal generator 345 which constitute a rela^ overall volume and 

weight As such, /the HMD pa^ 
Ote glass or resin. The signal tran 

ami the signal transmitting unit 343 may be bundled as one cable so that the bundle may be made light and 
flexible. The resulting HMD offers both a superior Image, as wefl as advantages in size and weight consid r- 
sttons. Further, the backUght device arranged to feed the paralel rays and the display device arranged to vis- 
1 uafly prevent pixels from being conspicuous are used for composing the image display device, which results 
in a very high-quality image. 

In turn, the description will be oriented to a color-mixing type image display device according to a ninth 
embodiment of the present invention. Before the description, the term divergence level* or Just "divergence" 
used in the following description will be defined. Fig. 41 is a view for explaining the divergence level. In this 
figure, a numeral 410 denotes a light valve. A numeral 411 denotes a pixel to be addressed (subject pixel). A 
numeral 412 denotes a ray of light entered at 
perpendicular to the plane of the light valve. 

The divergence level of a field of light emerging from a pixel Is a factor of both the angle of exiting rays as 
well as the intensity distribution across the face of the pixel Our treatment will assume a uniform distribution 
across the pixel area, so that we may treat divergence as merely a matter of ray angularity. Thus, our meaning 
or usage of divergence level is equivalent to divergence angle. In Fig. 41. maximum entrance angle D and exit 
angle E are identical. We use D, defined as a maximum/as our divergence angle, or equivalent^ divergence 
level, or more simply <fivergence. iM y ' 1 k ' ' 

' Fig. 42 shows a color-mixing Image display device according to a irinfli embodiment of the present inven- 
tion. As shown, the cdor-mbdng Image display device te arranged to have an optical fiber 402, a Fresnel lens 
403, a ootor rater 405, a tight valve 406, a gto light valve 406, and a 

back projection type screen 408. In Fig. 42, the relatively thick glass plate 407 for covering the light valve 406 
is illustrated. This Is shown for more clearly explaining the color-mbdng effect Normally, the glass plate has 
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a thickness of about 1 mm. This holds true to the drawings to be used in the following description. 

The white ray generated by the light source unit 401 is transmitted to th divergence level controlling light- 
ing unit 404 through the optical fiber 402. If the light source unit 401 is designed to gen rate the diffuse light 
at the output end of the optical fiber 402, the output end of the optical fiber 402 may be used as a fine surface 
light source having the diameter of th ptical fiber 402. By making the center of the fin surface light source 
coincide with the focal point of the Fresnel lens 403, th ray from the fiber' s central point Is converted int 
parallel rays by the Fresnel lens 403. Parallel rays are the most suitable illumination for liquid crystal light valves 
406. The effect of the light valve on a ray of light varies with its angle of Incidence. Here, however, becaus 
the angles of divergence are restricted this effect can be neglected. Even if the fine surface light source slips 
out of the focal position there is sufficient tolerance to escape undesirable effects. 

Fig. 42 demonstrates the case where the center of the fine surface fight source coincides with the focal 
point of the Fresnel tens 403 and the Fresnel lens 403 outputs the central parallel rays. In this case, the di- 
vergence level of the rays output from the Fresnel lens 403 Is determined by expression 10 below. By properly 
selecting the diameter of the optical fiber 402 and the focal distance of the Fresnel lens 403, it is possible to 
freely design the divergence level of the rays output from the lighting unit 404. 

O * tan-' [(S/2)/F] (10) 

wherein D denotes the divergence level, S denotes the diameter of the optical fiber, and F denotes a focal dis- 
tance of the Fresnel lens. 

The output light from the lighting unit 404 enters the odor filter 405. In Fig. 42. for the color filter 405. and 
the light vaNe 406, only three pixels are demonstrated. In actual practice they are composed of a great mul- 
titude of pbcels. Concerning the pbce! distribution, three pixels of green, blue and green are picked up from the 
left hand In the second row of the four-pixel distribution shown In Fig. 53 (about the related art). The rays passed 
through the color fitter 405 enter Into the light valve 406 so that the luminance of the ray may be modified ac- 
cording to a video signal fed to the HghTvalve 406. the light valve 406 may consist of a liquid crystal panel 
The rays, passing through each pixel of the light valve 406. pass through the glass plate 407 consisting the 
surface of the light valve 406. then, the rays diverge to a size defined by the following expression (11) and 
, are |^ent onto th* 

wherein Wdentfes a size of a pixel Image on the screen 408, D denotes the divergence level of the light from 
y the lighting unit 404, L denotes a distance f rom the pbeel In the light valve 406 to the screen 408, and B denotes 
T ( a tf to pfcels of the light valve 406/Hence, by property selecting the divergence level of the light output 

from the iightl^rir404 and the distance from the light valve 406 to^s^n 408, the pixel image area 

size can be ^ 

, Y ^ 
onthel^viM406 i OT 

by the arrow W of Fig . 42,tte color pixel projected onto the back projection type scree n 408 is overlapped by 
Other color pixels. Thus, color mixture Is realized In the Image. Fig. 42 shows the state of mixing the green 
with the blue. On the actual panel, the red pbcels are located diagonally with respect to the blue pixels. As such, 
tfie red pbcels overlap the blue and the green pixels within the range Indicated by the arrow of Fig. 42. Th 
projected Image Irxdudestte / ; ^ \ 

In the manufacture of the display, since the Fresnel lens 403 Is thfri ami tabular, it is possible to integrate 
the Fresnel (ens 403, the color filter 405, the light valve 406, the glass plate 407. and the back projection type 
screen 408 as one thin unit 

In the above arrangement without having to provide any refracting device between the lig ht vaive 406 and 
the back projection type screen 408, and with the lighting unit 404 easily realized, the color-mixing display de- 
vice may be devised so that the pixel colors are mixed and the borders between the pbcels are made smooth 
for displaying a high-quality Image. 

In turn, the description will now be oriented to a method for precisely controlling the intensity distribution 
of a pixel Image on the screen. 

Fig. 43 shows how the components are disposed for explaining the intensity distribution. Fig. 44 shows 
an intensity distribution of a pixel Image on the screen. 

In Fig/43, humeral 411 denotes a fine wirfett Hght^ a pixel located on th 

optical axis of a lens integrated Into the tight valve. A numeral 413 denotes an image of the fine surface light 
8ouroe«onn^o(r^ 

of the overall pixel 41Z In Fig. 44. o denotes a green pixel. B denotes a blue pixel, and R denotes a red pixel 
J^ffc 43, the refracting lens and the color filter are taken as being coincident to the light valve for simplifying 
the arrangement Further, the fine surf^ point of th refracting lens 
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Th coordinate axes are defined as shown In Fig. 43, and th function and the variables are defined as follows. 

F: Distance between the fine surface light source 411 and the pixel 412 of the light valv , which is co- 
incident to the center of the refracting lens. 

L Distance between the pixel 412 and the Image 414 on the back projection typ screen 
5 fe (a, b): Intensity distribution on the fine surface light source 41 1 

fb (x, y): Transmfttance of the pixel 412 
fs (X, Y): Intensity distribution of the Image 414 
As such, it is necessary to derive a relational expression for the intensity distribution represented by fs 
(X, Y) based on the other functions and variables. 
10 For this purpose, atf irst, consider the Image 41 3 formed on the screen by the ray passed through the center 
of the pbcel 41 2. The pixel 413 coincides with the center of the lens. Hence, the image 41 3 may be represented 
by the expression (12) as is understood from Fig. 43. 

fe[-(F/L) •X. -(F/L) »Y] *fb[0,0] (12) 
Since, the central rays output from the lens are parallel, the expression (1 2) Is effective at any location of 
15 the light vato. TTmt is, the image formed on the screen by the fay passed through the coordinate Oc,y)^ 
pixel 412 of the light valve can be represented by the fbflowtng expression (13). 

fe[-(F/L)*(X-x) f .(Fyg^(Y.y)]«fbIx.y] (13) 
Hence, the image 414 of the overall pbcel formed on the screen can be obtained by integrating the distrib- 
ution represented by the expre ssi on (13) wfth respect to the coordinate (x, y) of the pixel, concretely, based 
20 on the following expression (14). 

fs (X. Y) - -{Z.-fl.fe{-(F/L)*OC-x). -(F/L)*(Y-y)] 
25 *fbtx. yjdxdy ... (14) 

In the above discussion, the expression (14) is obtained about the pbcel having Its center on the optical 
axis. Since the central rays output from the lens are parallel rays, this expression (14) Is applicable to pixels 
so off the optical axis. If It is desirable to Implement a specific intensfty distribution on the screen, the size, the 
form and the luminance distrOMition of the fine surface light source 411 may be designed to implement the 
dfetrftuttonbyconskterat^ 

Now, the description wffl be oriented to a bockireta example of thia fine surface light source indicated by 
the above theory. Assume the foUowfng conditions are given. 
35 F = 10nm : Distance between the fine surface light soute 411 ai^ the pbcel 412 contained in the light 

valve, in which easelfoerefra^ 

L = 1 mm: Distance between the pbcel 412 and the Image 414 on the back projection type screen 
fe (a, b) : Function of describing the intensity distribution on the fine surface light source 411 
fo(x,y): Transmfttance of the pix^ 
40 has a transmfttance of 1. 0. The pixels are dlstrfcuted ^ 

fs (X, Y) : Intensity tQstifeution of the Image 414 on the back projection type screen. Assume that the 
intensity distribution indicated fay the contours of Fig. 44 is realized about the blue pixel 420 to be addressed. 
The numerals 1 . 0 to 0. 0 of the contours Indicate relative values of Intensity and It is also Intended that a similar 
distribution is realized around the other pixels. 
45 According to the intensfty <fistrfbutk>n shown In Fig. 44, if the blue pixels 421 , 422 and 423 are spread li ke 
the upper left blue pixel 420, the intensity distributions will overlap with each other. In the areas where the 
blue pixels 420, 421, 422 and 423 exist, the blue pbcel value is directly displayed, in the area where no blu 
pbcel ex&ts, a smooth Interpolation is Implemented. Th is holds true to the other colors. The smooth interpolation 
is done over the entire screen Image, and a high-quality color-mixed image is obtained. 
50 Based on the above discussion, it can be shown that the intensity distribution on the screen as shown in 
Fig. 44 can be realized for the display panel as described above by using a fine surface light source that is 
formed In a square with aides of 2)im and having uniform Intensity, tn thte embodiment, the example design 

' te vei7 simple. The applied raw 
simulation, expression (14) can be evaluated for fine surface intensity distributions far more complicated than 
65 the simple uniform distribution used In the example.' 

In turn, the description wU now be oriented to a color-mixing Image display device according to a tenth 
embodiment of th present Invention with reference to Fig. 45. 

In Fig. 45, a numeral 430 denotes a light source unit A numeral 431 denotes an optical fiber. A numeral 
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432 d notes a diverg nee control type lighting unit A numeral 433 denotes a parabolic mirror. A numeral 434 
d enotes a color filter A numeral 435 denotes a tight valve. A numeral 436 denotes a back projection type screen. 

In this embodiment, the parabolic mirror 433 is used in place of the Fresnel lens 403 shown in Fig. 42. The 
other arrangement and function of this embodiment are the same as those of the ninth embodiment shown in 
Fig. 42. The use of an off-axis parabolic mirror 433 makes It possible to mount the fine surface light source at 
the top of the light valve, thereby reducing the overall thickness of the device. 

Next, the description will be oriented to the color-mixing image display device according to the eleventh 
embodiment of the present Invention with reference to Fig. 46. 

In Fig. 46, red, the green and the blue light-emitting diodes 440, 441, 442 are disposed for composing a 
color separating type tight source. The rays emitted from the color separating type light source are refracted 
by the Fresnel lens 443 so that those rays may pass through the color filter 445, the light valve 446 and the 
glass coat 447 covering the surface of the tight valve 446. Then, the rays fall incident upon the back projection 
type screen 446 on which an image is reproduced. As shown in Fig. 46, the horizontal red. green and blue 
pixel arrangement corresponds to efther a defta-distrlbution as shown in Fig. 52, a stripe-distribution as shown 
in Fig. 53, or a oTagonaWistraxition as shown in Fig. 54. 

Those color light-emitting diodes 440, 441 and 442 are located at a focal point of the lens 443. Because 
the two extreme diodes 440 and 442 are spatially separated fr^ 

direction of the parallel central rays after refraction by the lens 443 wiQ not be parallel to the optical axis of 
the lens. Because the central rays for each three color pixel triplet converge towards the same point on the 
screen 446, the rjrojected image of each poos! of the triplet overlaps wfth the others for mixing the colors in 
the range C on the back projection type screen 44& The colorwrtixirg 

by expanding colored pixels around spatiafly separated pixel centers. If, therefore, a fine patterned image com- 
posed of black and white tines is displayed, spurious colors may be displayed. The image display device ar- 
ranged as shown in Fig. 46 operates to sample the Image data of each pixel belonging to the color-mbdng triplet 
at the same point of the original Image and pn^ the pixel colore to me same a 

operation makes It possible to sorve the problem of spurious color display. This point Is characteristic of the 
display device embodiment portrayed in Fig. 46. 

Fig. 47 shows another example of a color separating type light source. The color separating type light 
source comprises an optical fiber 450 and a gght source coloring unit 451 as shown in Fig. 47. The output end 
^of the optical fiber 450, which ernfts diffuse light is covered by the light source coloring unit 451 composed 
of distinct color flltera. The resulting color separating type light source provides the three primary color light 
sources i which rrtay be variable in size.^form ^ 
red, green and blue cirajlarfiftere 

Next, the description \vM be^orientsdio a color-mixing image display device according to a twelfth em- 

As shown in Fig. 48, a transmittal odor display 461 such as a color liquid crystal display is placed 
after the fine surface light scum ,460 so as to enable eiecWcai manipulation of the characteristics of the color 
separating type light source. Fig. 48 shows an image display device arranged to use this color separating type 
light source. The effect of this display device is the same as that of the foregoing embodiment However, by 
changing the pattern displayed on outran located afterthe fine surface light source 

460, t is possfole to control the size, jhe shape and a Intensity distribution of the pixel Image on the back pro- 
jection type screen 467 In real time. Experimentation or adjustment of the color mixed Image Is enable. In Fig. 
48, a numeral 462 denotes a Fresnel lens. A numeral 463 denotes a divergence control type lighting unit A 
numeral 464 denotes a color filter. A numeral 465 denotes a light valve. A numeral 466 denotes a glass coat 
formed on the surface of the Oght valve 465. 

Lastly, the description will be oriented to a color mixing type image display device according to a thirteenth 
embodiment of the present Invention wfth reference to Fig. 49. 

In Fig. 49, a divergence control type lighting unit 473 comprises a backlight unit 470 for emitting diffuse 
light and light direction control portions 471 and 472 located before the backlight unit 470. The light direct! n 
control portions 471 and 472 can be realized, for example, by resin sheets. These sheets each serve to restrict 
one light direction, that is, horizontaiiy or a verticafly. Hence, as shown in Fig. 49, two sheets are arranged so 
that a resin sheet 471 operates to vertically restrict the Oght divergence, whOe resin sheet 472 operates to hor- 
izonteqy restrict it The rays are guided )o pass through a color filter 474, a light valve 475, and a glass coat 
476 covering the surface of uSeBght valve 476 In sequence. Then, the rays fall incident upon a back projection 
type screen 477 oh which the reproduced image contains the anoothly connected color pixels. The portions 
located after to the color filter 474 along the Oght path are similar to those provided In the foregoing embodi- 
ment The dK^enoe control type lighting unft 473 does not use a refracting unit, so that the unit 473 may be 
made thinner. Further, It may advantageously use a backlight unft that provides diffuse light, which is readily 
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and conomicalty commercially avaiabie. However, this light unit 473 has the following limitations. As the first 
limitation, as th div rgence is made narrower, the luminance of the light source is effectively low redbecaus 
of absorption by th light direction control portions. As the second limitation, th degree of control of the di- 
vergence angle is less than in other embodiment 8. This embodiment enables the overall device to be reduced 
in size and manufactured at low cost although the applied range of the device is quite limited. 

Many widely different embodiments of th present Invention may be constructed without departing from 
the spirit and scope of the present invention. It should be understood that the present invention is not limited 
to the specific embodiments described in the specification, except as defined in the appended claims. 



Claims 

1. An image display device (1) arranged to use a display unit (3), characterized in that said display device 
incorporates a pbcel multiplying means (4) located on a display unit surface of said display device, whereby 
Input pixels displayed on said dteplay unit are visually Increased In number when said pixels are output 

2. An image display device acconfing to Claim 1, characterized In that eaid display unit is a liquid crystal 
display (3). 

3. An Image display device acconfing to Claim 1 or 2, characterized In that said pixel multiplying means com- 
prises a micro lens array (4, 111). 

4. An image display device acconfing to Claim 3, characterized in that eaid micro lens array comprises a 
plurality of lenses, all of said lenses having non-equal focal distances relative to their horizontal and vert- 
ical axes. - 1 

5. An image display device acconfing to Claim 3. characterized In that said micro lens array comprises lenses 
arranged in a matrix distribution. ! -r : h >: 

6. An image display device according to Claim 3, characterized in that said micro lens array comprises lenses 
arranged in a delta distribution. 

7. An Image display device acconfing to Claims 3 f characterlzedlbi ttet said micro lens array comprises rec- 
tangular lenses. 

, 8. : .An image display device acopnfing to Claims 3, characterized in that said micro lens array comprises hex- 
agonal lenses (111). . *. . ; ; : r . . r 

9. An image display device acconfing to Claim 1 or 2, characterized In that said pixel multiplying means is 
a mixed element comprising a micro lens array and a diff user. 

10. An Image display device arranged to use a liquid crystal display (152), characterized in that said device 
comprises: 

a lighting means (151) for emitting scattered light for lighting said liquid crystal display; and 
a fine refracting means (153, 162, 174) for refracting in a predetermined way rays passed through 
said liquid crystal display. 

11. An image display device acconfing to Claim 10, characterized in that said fine refracting means Is dis- 
posed inside of a glass plate that is integrated into said liquid crystal display. 

1 2. An image display device acconfing to Claim 1 0 or 1 1 , characterized in that said fine refracting means com- 
prises a fiber optics plate (153, 162, 174). 

13. An Image display device acconfing to Claim 12, characterized ft that said fiber optics plate has a mag- 
nif (cation of one or more. 

14 An Image display device acconfing to any one of Claims 1 to 13, said device further comprises a magni- 
: fying means (175) for magnifying said image. 

15. Animag display device acconfing to any one of Claims 1 to 14, characterized in that said imag displays 
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are provided as a pair so that a user may observe a diff r nt display with each eye. 

1 6. A display device characterized in that said device comprises: 

a lighting means (201) for emitting white parallel rays; 

a light valve (203) for controlling a transmlttance of parallel rays emitted from said lighting means; 
a fine refracting means (204) for refracting said rays, said transmittance of which is controlled by 
said light valve, and for outputting said refracted rays; and 

a scattering means (207) for scattering the rays output from said fine refracting means. 

17. A display unit according to Claim 16, characterized in that said scattering means is applied to one face 
of a glass, plate (209), and said fine refracting means comprises a micro Fresnel lens array (208) formed 
on the other surface of said glass plate. 

1 8. A display unit according to Claim 16 or 17, characterized in that said fine refracfrg means comprises a 
binary optics element 

19. A display unit according to Claim 17or 18, characterized in that said fine refracting means has a positive 
lens power (260-262). 

20. Adteptay unit according to Claim 17 or 18, characterized In that said fine refracting means has a neoatfv 
lens power (250-252). 

21. A display unit according to Claim 17 or 18, characterized In that said fine refracting means contains on 
or more eccentric lens (250, 252, 260, 262). 

22. A display unft characterized in that said device comprises: 

a lighting means (201) for emitting white parallel rays; 
. - . a coloring means (202) for putting three primary colore of red, green and blue to said parallel rays 
emitted from said lighting means through pixels and for outputting said colored rays; 

a light valve (203) for controlling a transmittance of said colored rays output from said coloring 
means; v '^-- ,; ^'-^^--:---^.-' ' * ...... .... . - 

a fine refracting means (204) for refracting said colored rays, said transmittance of which is con- 
- , f rolIe ? ^ ^iS^^?' ^ ^?^^!^ ^ ^ mc ^. colored rays; and 
■ ™ ^tiffi^tnearei (205) for mixing said rajfr^ f ro m said fine 

refracting means. 

23. A display urif b on a fece of a 
glass plate (231), and said fine refracting means comprises a micro Fresnel lens array (230) formed n 
the other face of said glass plate. 

24. A display unt according to Claim 22 or 23, characterized in that said fine refracting means comprises a 
binary optics element 



25. A display un* according to Claim 23 or 24, characterized In that said fine refracting means has positive 
lens power (260-262). 

26. A display unit according to Claim 23 or 24, characterized In that said fine refracting means has negative 
lens power (250-252). 

27. Adisplay unit according to Claim 23 or 24, characterized In that said fine refracting means contains one 
or more eccentric lens (250, 252, 260, 262). 

28. A backlight device used as lighting means of said display unit according to any one of Claims 16 to 27, 
characterized by: 

a white point Ifeht source (302) for emitting white rays; < - 
a refracting means (303) for refracting rays emttt^ 

an optical fiber (304) for transmitting rays refracted by said refracting means; and 
a converting means (^ 

29. A backlight device according to Claim 28, characterized in that said converting means contains one par- 
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abotic mirror (310). 

30. A backlight device according to Claim 28, characterized in that said converting means contains a plurality 
of parabolic mirrors (320). 

31. A backlight device according to Claim 28, characterized In that said converting means contains a Fresnel 
lens. 

32. An image display device characterized in that 

a display unit according to any one of Claims 16 to 22; 
a backlight unit according to any one of Claims 28 to 31; 
a signal generator for generating a video signal; and 
a signal transmitting unit for transmitting said video signal. 

33. Acoior-mbdng display device characterized in that said device comprises: 

a divergence control type lighting means (404, 432, 444) for emitting rays to be controlled about 
divergence; 

a filter (405, 434, 445) for transmitting rays of three primary colors, red, green and blue, of said 
rays emitted from said lighting means, selectively ei>out pixels; 

a light valve (405, 435, 446) for controlling a transmlttance of said rays of the three primary colors 
output from said filter at each of said pixels; and 

a back projection type screen (408, 436, 445) for receiving the rays of the three primary colors, 
said transmittances of which are controlled by said light valve from the back and reproducing an image 
from said rays. 

34. A color-mixing display device according to Claim 33, characterized in that said lighting means contains a 
whits fine surface light source (401) having a predetermined form, size and intensity distribution, and a 
refracting means (403) for refracting rays emitted from said fine surface light source. 

35. A color-mixing display device according to Claim 33, characterized in that said fine surface light source 
(402) comprises an optical fiber. 

36. A color-mixing display device according to Claim 33, characterized in that said fighting means comprises 
a color separation type light source (440-442) having a plurality of light sources for emitting rays of three 
primary colors, red, green and blue, and a refracting means (443) for refracting said rays output from said 
color separation type light source. 

37; Acoior-mbdng display device according to Claim 36, characterized in that said color separation type light 
source contains light-emitting diodes (440442). 

38. Acoior-mbdng display device according to Claim 36, characterized in that said color separation type light 
source contains an optical fiber (450) for outputttng diffuse light, and a coloring means (451) for coloring 
said diffuse light output from said optical fiber. 

39. A color-mixing display device according to Claim 36, characterized in that said color separation type light 
source contains a fine surface fight source (460), and a transmlttance color display (461) for controlling 
an image reproduced on said back projection type screen based on rays emitted from said fine surface 
light source. 

40. A color-mixing display device according to Claim 34 or 36, characterized in that said refracting means con- 
tains a parabolic mirror. 

41. A color-mixing display device according to Claim 34 or 36, characterized in that said refracting means con- 
tains a Fresnel lens. 

42. Aoofor-mbdng display device according to Claim 33, characterized in that said fighting means comprises 
a back light unit (470) for emitting diffuse light, and a light direction control means (471 ,472) for trans- 
mitting nlysalddiffus light within a predetermined divergence range within said light emitted from said 
backlight unit 
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43. A display device in which light is projected from behind through a display panel comprising a matrix of 
picture elements, wherein an optical system provided in front of the display panel produces an image dis- 
play for viewing in which there are multiple neighbouring images of each picture element 

44. A display device in which light is projected from behind through a display panel comprising a matrix f 
picture elements, wherein an optical system provided in front of the display panel produces local distrib- 
ution of the light transmitted by each picture element 

A display device according to claim 44, wherein the optical system comprises a respective waveguide 
means for each picture element 

A head-mounted display device comprising a light-transmtesive display panel and means for projecting 
light through the display panel, the light-projecting means comprising optical fibre means connectable to 
a light source external to the display device and means for converting light emitted, within the display de- 
vice, from the optical fibre means into rays of parallel light directed toward the display panel. 



45. 



46. 
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Fig. I 
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Fig. 2 
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Fig. 4 
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